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SUMMARY 

The resu l t s  of the first t e s t  by the National Advisory Committee 
for  Aeronautics on the transonic longitudinal character is t ics  of a 
l/lO-scale rocket model of the McDonnell XFS-1 airplane a re  presented 
in th is  report .  The model, flown with a center-of-gravity location of 
28.5 percent of the mean aeroaynamic chord and a s t ab i l i ze r  se t t ing  of 
-5 .9l0 re la t ive  t o  the wing chord plane, was equipped with extensible 
rocket racks. 
boosted model technique, the Mach number varied f r o m  0.60 t o  1.34, and 
the Reynolds number varied from 4.5 to  11 x 10 . 

I n  the t e s t ,  which u t i l i zed  the f ree ly  f lying rocket- 
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The ef fec ts  of the rocket racks in the extended posi t ion on the 
trim and s t a t i c  l i f t ,  drag, and s t a b i l i t y  were generally small  and within 
the accuracy of the data. Eowever, a t  low svgersonic speeds, the racks 
caused an increment of a b u t  0.032 in total-drag coefficient and were 
evidently responsible f o r  some turbulence which gave r i s e  to some l i g h t  
buffet and apparently variable aynamic s t a b i l i t y .  
of 0.88 and above a l i f t  coefficient of 0.60, the model became s t a t i c a l l y  
unstable and pitched up past the s t a l l .  
e t e r s  and derivatives describing l i f t ,  drag, and s t a b i l i t y  of the model, 
as measured i n  this t e s t ,  are given as functions of Mach number. 
addition, the -,rcss-A-e recovery of t i e  i n l e t  at  zero mass flow and au 
approximation to the s t a t i c  directional s t a b i l i t y  derivative are given. 
I n  general, the results of this tes t  agree with the r e su l t s  of t e s t s  on 
similar models i n  wind tunnels. 

B e l o w  a Mach number 

The usual longitudinal param- 

In 
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As paxt of the general external-stores program at Langley Aeronautical 
Laboratory, the NACA i s  tes t ing  l/lO-scale models of the McDonnell X F p - 1  
airplane equipped with internal ly  stowed extensible rocket racks. These 
tests are being pe r fomed to  determine w h a t  e f fec t  the presence of these 
rocket racks will have on the  lift, drag, trim, and s t a b i l i t y  of the model 
while flying at transonic speeds. 
sented herein. 

The r e su l t s  of the f i r s t  test are pre- 

The model w a s  supplied by the McDonnell Aircraft  Corporation, and 
the test  was conducted by personnel of the P i lo t less  Aircraft  Research 
Division of the Langley Aeronautical Laboratory and a t  i t s  tes t ing  sta- 
t ion  at  Wallops Island, Va.  

SYMBOLS 

a1 acceleration para l le l  t o  wing chord plane a t  center of gravity, 
posit ive toward ta i l ,  ft/sec2 

acceleration perpendicular t o  wing chord plane at center of 
gravity, posit ive upward, ft/sec2 

an 
acceleration perpendicular t o  plane of symmetry, near center 

of gravity, positive toward r igh t  wing t i p ,  ft/sec2 
&t 

b wing span, f t  

chord force coefficient, - al w 
g qSeng CC 

total-drag coefficient, CN s i n  a + CC cos a: CD 

CL t o t a l - l i f t  coefficient, CN cos a - Cc sin a: 

Cm pitching-moment coefficient, posit ive for  a moment tending t o  
Pitching moment 

r a i se  nose - 
9sTJingc 

Yawing moment yawing-moment coefficient, 
SSw-ingb Cn 
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normal-force coefficient, - 4 l w  
Q qswing 

lateral-force coefficient, - a t w  
@; qswing 

Xing mean aerodynamic chord, f t  

acceleration due t o  gravity, 32.2 ft/sec2 

mass moment of i n e r t i a  of model about longitudinal principal 
axis, slug-ft.2 

mass moment of i ne r t i a  of model about transverse axis, slug-ft2 

mass moment of inertia of model about axis perpendicular t o  
longitudinal principal axis and transverse axis, slug-ft2 

ve r t i ca l  distance from center of gravity of model t o  centroid 
of exposed f ron ta l  axea of rocket rack of any rack exten- 
sion, f t  

free-stream Mach number 

period of motion, sec 

dynamic pressure, 0.7( atmospheric s t a t i c  pressure)M2, lb/ft2 

R Reynolds nmiber based on w i n g  mean aerodynamic chord 

S mea, sq f t  

T t i m e ,  sec 

time fo r  amplitude of motion t o  damp t o  one-half i n i t i a l  
value, sec 

T1/2 

V free-stream velocity, f t /sec 

w weight of model, l b  

a msle of a t tack of wing chord plane, posit ive nose up, deg 
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B angle of sideslip,  positive fo r  relative wind coming from 
r ight ,  deg 

6RR angular extension of rocket racks, deg (see f i g .  3) 

6s anguLar deflection of horizontal s t ab i l i ze r  r e l a t ive  t o  wing 
chord plane, posit ive for  t r a i l i n g  edge down, deg 

e angle of wing chord plane re la t ive  t o  horizontal, posit ive 
nose up, deg 

Derivatives with respect t o  a quantity are indicated as shown i n  
the following example: 

IncreIIlents are denoted by A, f o r  example: 

= Increment i n  trim l i f t  coefficient xLtrim 
I n  addition, a few descriptive subscripts are used: 

base fuselage base 

RR 

t r i m  trim condition 

w i n g  t o t a l  wing 

rocket racks (see f i g .  3)  

DESCRIPTION OF MODEL AND APPARATUS 

Mode 1 

A l / l0-scale model of the McDonnell XF3H-l airplane w a s  used i n  
t h i s  t e s t .  The outline drawing of figure 1 and the phot~grsphs of fTg- 
w e  2 indicate the principal features of the model. Unlike the f u l l -  
scale airplane, the nodel had no wing fences, s lo t s ,  o r  moveable controls, 
and the ducts were blocked cozpleteljr Just  lnside the i n l e t  and a t  the i 
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j e t  e x i t .  The center of gravity w a s  at 28.5 percent of the mean aero- 
dynamic chord and 0.012 chord length above the model center l i ne .  The 
horizontal  s tab i l izer  w a s  f ixed a t  -5.9l0 re la t ive  t o  the wing chord 
plane. Table I l is ts  the pertinent physical properties and dimensions 
of the model. Briefly, the model construction was as follows: wing - 
laminated mahogany and aluminum-alloy spar and trailing-edge inser t ,  
fuselage - semimonocoque with aluminum-alloy skin and steel and aluminum- 
a l loy  bulkheads, horizontal  and ver t ica l  s t ab i l i ze r s  - solid-aluminum 
alloy, and canopy and fa i r ings  - laminated and so l id  mahogany finished 
w i t h  c lear  lacquer. 

Rocket Racks 

The rocket-rack configuration tes ted i s  shown i n  f igure 3.  The 
f ronta l  area of both racks, when extended by rotat ing through an angle 
of  114.3O was 0.022 square foot.  Other pertinent dimensions are  given 
i n  figure 3 .  
the racks i n  an approximate square wave motion. The time t o  extend the 
racks was generally 0.046 second, whereas the  time t o  r e t r a c t  w a s  longer, 
about 0.080 second. Photographs of the underside of the model w i t h  racks 
f u l l y  re t racted and extended are shown i n  figure 4. 

A hydraulically operated pulse system extended and re t rac ted  

Instrumentation 

The model carr ied a ten-channel telemeter which transmitted contin- 
uous records of the acceleration normal t o  the wing chord plane a t  the  
center of gravity and a t  the tail,  the acceleration p a r a l l e l  t o  the wing 
chord plane near the center of gravity, the transverse acceleration, 
angle of attack re la t ive  t o  the fuselage center l ine ,  rocket-rack posi- 
t ion,  t o t a l  pressure measured on the l e f t  w i n g  t i p  and i n  the r igh t  inlet, 
and base pressure measured behind the angle-of -attack vane (cal ibrated 
t o  give atmospheric s t a t i c  pressure) and i n  the fuselage j e t  ex i t .  The 
arrangement of the accelerometers is shown i n  figure 5 and the points at 
which the pressures were measured are shown i n  figure 1. 

Photography, an SCR 584 radar set, and the CW Doppler velocimeter 
were u s e d t o  observe the  first par t  of the f l ight.  
taken place, a radiosonde was released t o  determine atmospheric s t a t i c  
temperature and pressure. 

After the fl ight had 

PROCEDURE 

Before flying, the model was mechanically vibrated t o  determine the 
resonant frequencies and node l i nes  (see f i g .  5 )  of i t s  major components. 
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A f in-s tabi l ized ABL Deacon rocket 
00 0 motor was used as the booster. Photographs of the booster-model conibi- 

The model was tes ted by the freely f lying rocket-boosted model technique 
described in  d e t a i l  in  reference 1. 

nation before take-off and a t  separation are shown as figure 6. 
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PRECISION 

I n  determining the probable errors i n  Mach number and dynamic pres- 
sure, it was assumed (on the basis of s t a t i s t i c a l  data compiled by the 
Instrument Research Division) that the telemetered t o t a l  pressure and 
angle-of-attack-vane base pressure were accurate to  within f2 percent of 
t h e i r  full-scale ranges. With th i s  assumption, the bands of s ca t t e r  i n  
the cal ibrat ion curves of total-pressure-base-pressure r a t i o  and base- 
pressure-atnospheric-pressure r a t i o  determined the probable errors  i n  
Mach number and s t a t i c  pressure, from which the e r ror  i n  dynamic pres- 
sure q was determined. Then, the probable errors  i n  CN and Cc were 
computed a t  the trim conditions at three Mach numbers, assuming t h a t  the 
accelerometer errors  were f2 percent of t h e i r  cal ibrated ful l -scale  
ranges. 
the cal ibrat ion e r ro r  of +2 percent of i t s  ful l -scale  range and an addi- 
t i o n a l  error  due t o  very small s t ructural  eccent r ic i t ies  i n  the angle- 
of-attack vane i t s e l f .  
e r rors  and are shown subsequently. 
For example, experience indicates tha t  the low-lift  drag coefficient fo r  
t h i s  t e s t  should be determined within (see r e f .  2), and 
that incremental quantit ies and slopes are affected much l e s s  than the 
absolute values. 

The maximum probable error i n  angle of attack is  composed of 

A l l  the foregoing er rors  are the maxhum probable 
The actual  e r rors  are  generally l e s s .  

= tO.001 

MAXIMUM PrnBABLE ERRORS IN ABSOLUTE VALUES 

From M = 1.25 t o  1.32, the Mach number e r ro r  may be s l igh t ly  greater 
than that shown, since a t  M = 1.25 the telemetered t o t a l  pressure showed 
a sudden loss of abnlit 115 pcl;l?&s per square foot  due probably t o  in te r -  
ference from the shock wave springing from the wing root (see schlieren 
photographs i n  r e f .  3, p. 12.06) . The loss continued u n t i l  M = 1.27 
w a s  reached i n  decelerating f l i g h t .  Above M = 1.25, the Mach number was 
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determined from a calibration of the observed total-pressureaase-pressure 
r a t i o  obtained during the boosted phase of the f l i gh t ,  with the use of a 
v e h c i t y  derived fron the CW Doppler velocimeter. A t  M = 1.25, j u s t  
before the break i n  t o t a l  pressure, the Doppler Mach number derived from 
the velocimeter agreed with the Mach number obtained from the to t a l -  
pressure-base-pressure r a t i o .  Hence, the error ,  though undetermined, i s  
probably small. 

RESULTS AM, DISCUSSION 

Reynolds Number 

The Reynolds nmber of t h i s  t e s t  based on wing m e a n  aerodynamic 
6 6 chord varied between 4.5 x 10 a t  M = 0.60 and 11.6 x 10 a t  PI = 1.34. 

Figure 7 shows the Reynolds numbers at the intermediate Mach numbers. 

Rocket-Rack Program 

The angular posit ion of the rocket racks is given as a func- 
t ion  of Mach number i n  figure 8. 
t ion  loads i n  excess of the servo-piston forces,  the racks were pa r t i a l ly  
extended during the t i m e s  when it w a s  expected they would be completely 
closed. A t  these times the rack position w a s  f ixed and did not follow 
the normal acceleration because, it i s  believed, the  drag load caused a 
deflection of the actuating linkage, binding the racks i n  a posit ion 
determined by the hydraulic-accumulator pressure, the normal accelera- 
t ion ,  and the drag load. 
w a s  1 1 4 . 3 O ,  the actual  m a x i m u m  rack extension i n  f l ight w a s  122'. 

Because of negative normal accelera- 

Although the design m a x i m u m  angle of extension 

Flight Time History 

Booster separation occurred at T = 3.0 seconds after take-off. A 
p3Stial  time his tory of the subsequent f l i g h t  comprising the Mach num- 
ber M, the rocket-rack posit ion k, the l i f t  coefficient CL, and the 
lateral-force coefficient Cy i s  shown i n  f igure 9. The curve fo r  CL 
exhibited regular damped sinusoidal osc i l la t ions  only near T = 3 . 3  sec- 
onds and T = 5.90 seconds. The apparent neutral  dynamic s t a b i l i t y  i n  
Cy and the apparently variable longitudinal dynamic s t a b i l i t y  i n  CL 
near T = 3.4 seconds could be explained i n  nfie o r  zcrc of several w a y s :  

(1) Neutral l a t e r a l  dynamic s t ab i l i t y  w i t h  lateral-longitudinal 
coupling near M = 1.20 ( T  = 3.9 seconds) 
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(2) Model response t o  turbulence created by the rocket racks and 
t h e i r  opening i n  the bottom of the fuselage 

(3) Model response t o  atmospheric turbulence 

I n  the absence of mre complete measurements, it i s  not possible t o  
assess the re la t ive  magnitudes of these e f fec ts .  However, it is  signi- 
f i can t  that the apparent variable longitudinal dynamic s t a b i l i t y  dis-  
appeared when the racks par t i a l ly  closed at T = 4.30 seconds. 

The model became s t a t i c a l l y  unstable longitudinally at 6.53 seconds, 
and the w i n g  s t a l l ed  at  6.70 seconds. 
of-attack instrument h i t  i t s  l i m i t  stop of 170. Although the angle of 
a t tack evidently continued t o  increase somewhat above 170, there is  no 
d i r ec t  evidence tha t  the model broke up. A t  M = 0.5 (not shown) the 
model pitched down and trimmed a t  values of 

A t  T = 6.74 seconds, the angle- 

CL approachi-ag 0.70. 

Tr im 

L i f t  coefficient.- The trim l i f t  coefficient presented i n  figure 10 
as a function of Mach number was  determined by obtaining the mean l i n e  
of the envelope of the l i f t  coefficient p lo t ted  against time. 
M = 0.84, the trim normal-force coefficient is presented, since at  tha t  
Mach number the angle-of-attack instrument h i t  i t s  l i m i t  stop. 
dashed line i n  figure 10 represents the  t r im l i f t  coefficient obtained 
from the wind-tunnel data in reference 4. 
t o  the wind-tunnel data t o  convert it t o  the f l ight conditions of th i s  

obtained from model are given i n  the appendix. The values of C 

the wind-tunnel data, a re  generally higher at  transonic speeds and lower 
a t  supersonic speeds than the values of C k r i m  obtained i n  the present 

t e s t .  

Below 

The 

The various corrections applied 

%rim 

Angle of attack.-  The trim angle of a t tack of the wing chord plane 
i s  given as a function of Mach number i n  figure 11. The trim angle of 
a t tack corresponding t o  the t r i m  l i f t  coeff ic ient  derived from the wind- 
tunnel data is plot ted f o r  comparison. Above M = 0 . 9 ,  sma l l  changes 
i n  t r im occurred coincident with the rack movement. 

due t o  Effect of rocket racks on trim.- The changes i n  C k r h  
changes i n  rocket-rack position, figure 10, are small and d i f f i c u l t  t o  
determine from the small-amplitude pi tch osc i l la t ions .  The l u g e s t  

E T .  = 0.007 a t  M = I.& i s  within the az-c-aacy 03 t i e  

M = 0.89, 0.96, 1.14, and 1.27, the changes i n  
are too small t o  be measured, although the wind-tunnel data, 

--trim 
data.  
C 

Elsewhere, at  

L t r i m  
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reference 4, indicated 

.a . . 9 

'& - a: 0.020, Ltrim 
0.025, and 0, respectively, cwld  be expected. The lack of agreement 
may be due to  the method of accounting fo r  the intemediate  rack posi- 
t i o n  and t o  the accuracy with which the increments can be determined. 

The increments i n  atrim due t o  the p a r t i a l  movement of the racks 
have been used t o  determine the incremental trim angle of a t tack due t o  
the design extension of the  racks by equation (2) i n  the appendix. This 
value of figure 12, decreases from -0.26~ at M = 1.04 t o  
-0.18' at M = 1.14. The point a t  M = 1.27 is questionable because of 
the  approximate nature of the extrapolation and because of the d is tor t ion  
present i n  the angle-of-attack time his tory (similar t o  tha t  i n  the time 
his tory of CL) . The point a t  M = 0.96 i s  also ignored because of the 
pitch-up occurring a t  tha t  time. These changes i n  angle of attack are 
small and are  within the probable absolute accuracy of the data. 
so l id  l i n e  i n  figure 12 represents the trim-angle-of-attack change com- 
puted from the data i n  reference 4. 

The 

L i f t  

Lift-curve slope.- The variation of l i f t  coefficient with angle of 
a t tack w a s  determined at several subsonic and supersonic Mach numbers. 
The plots  of CL against a, figure 13, indicate tha t  a t  M = 0.95, 
CL &%s 8 Erie&- Fuiction of u up t o  CL = 0.35. Above t h i s  value of 
CL, the slope continued t o  decrease as increased up t o  the t e s t  
l imi t ,  A t  supersonic Mach numbers, the l inear  variation 
held within the t e s t  limits. The slopes of these curves are  given as 
Mach number functions i n  figure 14 and are  compared with slopes derived 
from reference 4 corresponding t o  CL = 0 and CL = C h r i m  of t h i s  

t e s t .  The e f fec t  of wing bending on the l i f t -curve slope has not been 
considered, but from a consideration of the wing thickness, construc- 
t ion,  and w i n g  weight it should be small. 

CL 
CL = 0.71. 

Effect of rocket racks on l i f t . -  The data  available from t h i s  t e s t  
indicate tha t  the e f fec t  of the rack posit ion on l i f t -curve slope and 
angle of zero l i f t  i s  small. Close  inspection of figure 13 w i l l  indi- 
cate t ha t  any changes i n  e i the r  o f  these quantit ies coincident with 
changes i n  rack position are not def in i te ly  established because of other 
e f fec ts ,  and, i n  any case, are within the accuracy of the data.  

Buffet.- In addition t o  a certain amount of random interference on 

the order of &g, the t race of the two normal accelerometers a l so  4 
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from + - t o  1 +3g. The half-amplitudes, converted t o  +XN, of these osci l -  

2 
l a t ions  me shown on figure 15 as a function of Mach number. 
frequencies of these osci l la t ions observed a t  the center of gravity and 
the t a i l  are 130 and 91 cycles per second, respectively. 
c i e s  are close t o  the lowest Xing-body natural frequencies of approxi- 
mately 320 and 85 cycles per second, respectively, observed i n  the ground 
test (see fig.  5 ) .  Because of t h i s  relationship and the fact tha t  the 
onset of continuous osci l la t ions occurred s l igh t ly  before the break i n  
the l if t-curve slope a t  
these osci l la t ions were largely due t o  wing buffet  and not t o  the wing- 
bending f l u t t e r  mentioned i n  reference 5. 

The average 

These frequen- 

CL = 0.55, (see f i g .  l3), it w a s  concluded tha t  

Above M = 0.91, however, the observed buffet may have been the 
response of the wing t o  the turbulence from the rocket racks. This tur- 
bulence was evidently more pronounced a t  M = 1.25 than a t  M = 1.0 
since no buffet  w a s  observed near M = 1.0, figure 15. It is interest ing 
t o  observe tha t  the  apparently variable dynamic longitudinal s t ab i l i t y ,  
f igure 9, occurred at the same time as the supersonic buffet, a circum- 
stance which lends credence t o  the idea that the racks created turbulence 
a t  t h i s  Mach number which caused b u f f e t  and continually disturbed the 
model. However, no firm conclusion can be made. The amplitudes shown 
in  figure 15 apply a t  the  value of C of t h i s  test, f igure 10. 

The buffet  in tens i ty  fo r  the airplane a t  t h i s  value of 

rrom reference 6, is also shown i n  f igure 17. 

%rim 
CLtr&, taken 

Lateral  buffet ,  figure 16, occurred at the maximum posit ive and 
negative values of Cy j u s t  before the wing s t a l l ed  completely. The 
ve r t i ca l - t a i l  f i r s t  bending frequency w a s  96 cycles per second, and the 
observed frequencies were 126 and 159 cycles per second. 
t h i s  buffet  probably w a s  not due t o  flow separation over the ve r t i ca l  
f in;  it could have been due t o  asymmetric flow fluctuations on the wing. 

Therefore, 

D r a g  

D r a g  carpet.- The total-drag coefficient of the model, which includes 
base drag, is  given i n  figure 17 for various l i f t  coefficients and rocket- 
rack positions fo r  the range of Mach numbers of t h i s  t e s t .  The i n f h -  
ence of l i f t  coefficient,  rocket-rack position, and Mach number a re  
readi ly  apparent. 

Base-drag coefficient.- The base-drag coefficient shown i n  figure 17 
was calculated from the pressure observed i n  the closed-jet ex i t ,  assxming 
a f l a t  pressure dis t r ibut ion over an area of 0.0767 square foot .  



11 . 0.  0. . 0.0 0 0 0 0  0 0  
IJACA SL53Fi5 C @ m I i w @ ~  

oo moo 0 0 
0 0 .  0 . 0  0 0 0  0 0 0  0 .  0 0  
o o m m  0 0 0 0  0 0 0 0 0  0 . 0  0 0  
. o m  0.0 0 0 0 .  0 0  0 0  

V.Lri3;ion of ~ L X - ~ G  with il?t .'?At '?OW' >t&'r'iw &%r5 ?he $E! d i re  
sui table  f o r  deterxinini; the vzriation of d r a ~  k - i t h  l ift.  'il~ resul ts ,  
f igures  15 and ly, indicate that the inclination of  the res-Jlttint fGrce 
vector forvard of  the noma1 t o  the wing results i n  a reduction i n  

from 1/57.3 Cb of 0.045 at 14 = O.)? and 0.078 at M = 1.23. 
so l id  l i n e  i n  fi,we 13 represents an estimated value of 

based on references 3 ,  7, and 8 and the r e su l t s  of t h i s  t e s t ,  i s  used 
l a t e r  in t h i s  report  i n  estimating 

CD 
CL 

The 
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CDCL2 

Nin. 

Drag increment due t o  racks.- The increment i n  total-drag coeffi- 
c ient  dile t o  the presence of full j j  extended racks w a s  computed according 
t; equation (3) i n  the appendix except a t  M = 0.83, where an additional 
mrrec t ion  for  varying l i f t  coefficient was rnade. Thus, the data pre- 
sentcd i n  figure 20 represent the drag penalty which would be incurred 
i n  extending the racks frorn a ful ly  closed posit ion t o  a f u l l y  opened 
posit ion.  
the data except a t  M = 1.27, where it i s  about 0.012, and cotripares very 
w e l l  with the results of wind-tunnel t e s t s  of racks of s l i gh t ly  differ ing 
configurations (refs. 3 ,  7, and 8)  adjusted t o  the f ron ta l  area of the  
racks of the present t e s t  by a siv,ple area r a t i o .  

This increment i n  drag coefficient i s  within the accuracy of 

Minimum drag coefficient.- By using the values of C, 2, C 
CL Dbase' 

determined previously, it is  possible t o  make an estimate of DRR and CIC 

the ninimum drag coefficient of the clean model. 
m.ke a conparison with the minimum drag coefficient given i n  reference 3 ,  
which w a s  obtained from models having faired-over duct entrances and 
closed je t  ex i t s ,  some account must be taken of the increment i n  drag 
coefficient due t o  the presence of the blocked ducts.  The increment i n  
drag coefficient due t o  changing the mass-flow r a t i o  from 0.9 t o  0.3, 
given fo r  the forebody shape of a model of t h i s  airplane i n  reference 4 ,  
has also been subtracted from the  data of the present t e s t .  
m a t e  of the minimum drag coefficient together with the minimum drag coef- 
f i c i e n t  from reference 3 is  plotted i n  figure 21. 
ferences i n  Reynolds number a t  supersonic speeds, and the many corrections 
which were applied t o  ge t  t h i s  estimate, the agreement is very good. 

However, i n  order t o  

This esti-  

Considering the d i f -  

Longitudinal S t ab i l i t y  

c+,+: -&-a 2 - 2 
L a b L C .  ~ a u l ~ t y . -  Tne s t a t i c  longitudinal s t a b i l i t y  w a s  detemined 

by analyzing the short-period oscil lations i n  p i tch  by two different  
methods: One method, given i n  reference 1, involves a knowleCQe of the 
period of the motion and gives C the other method, from reference 10, 

%; 
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f igure 9, and the model buffeted somewhat within th i s  Mach number range 
owing, it is  thought, t o  the effect  of the racks (see f ig .  15 and section 
e n t i t l e d  "Buffet"), it i s  possible tha t  the racks were responsible fo r  
some turbulence or interference which created a continuous disturbance. 
The resul t ing motion, then, is simply the dynamic response of the model 
t o  a continuous disturbance. 
turbulence on the dynamic s t ab i l i t y  of the full-scale airplane a t  the 
same altitude (approximately 2,200 feet) would be l e s s  pronounced because 
of dynamic considerations. Without knowing the form of the forcing func- 
t ion ,  no analysis of the  motion can be made. 

If t h i s  is true,  then, the e f f ec t  of the 

From az1 analysis of the three osc i l la t ions  which did damp (when the 
racks were not fu l ly  extended), the time t o  clamp t o  one-half ampli- 
tude T 1/2 and the damping moment factor  C 

These quantit ies,  and the damping moment factor  estimated from the methods 
i n  reference 11, are shown as Mach number functions i n  figure 25. 
M = 0.95, the estimate is  within 30 percent of the observed damping; a t  
M = 1.31, within about 20 percent. 
f o r  estimating pi tch damping. 

were computed. 
% + cmq 

A t  

There is no adequate transonic theory 

Directional S t ab i l i t y  

Was 
cnB 

An estimate of the s t a t i c  directional s t a b i l i t y  derivative 

made, with the use of the approximate equation presented i n  reference 12, 
t ha t  is 

where P 
accelerometer. 
and the estimate i n  reference 13, is presented i n  figure 26. A t  subsonic 
speeds, the estimated value of about 0.0038 from reference 13 agrees w e l l  
with the value obtained i n  t h i s  t e s t .  A t  supersonic speeds, the data are 
severely scattered. A more detailed analysis, including l a t e ra l -  
longitudinal coupling e f fec ts  and corrections t o  be applied t o  the indi- 
cated l a t e r a l  acceleration because of the distance separating the accel- 
erometer from tne center of gravity, would be required t o  determine the 
ac tua l  supersonic 

is  the period observed on the telemeter t race of the l a t e r a l  
This estimate together with t e s t  r e su l t s  from reference 3, 

CnB 
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In l e t  Pressure Recovery 

The i n l e t  total-pressure recovery a t  zero mass flow was calculated 
from the free-stream t o t a l  pressure and the stagnation pressure observed 
at  the  pressure or i f ice  located in the middle of the right in l e t ,  and is 
given as a Mach nunher function in figure 27. The r e l a t ive ly  low values, 
75 percent at  M = 0 .9 
t o  a thickened boundary layer o r  t o  boundary-layer separation immediately 
ahead of the inlet, since the mass flow was  zero. 
abrupt change between M = 0.9 and M = 0.80, it should be kept i n  mind 
that the model angle of attack was about 6 O  a t  M = 0.9, and more than 
l5O at M = 0.80 . Presumably, the boundary layer  on the nose cone was 
swept away, giving high values of total-pressure recovery a t  the lower 
Mach numbers. R e s u l t s  of a t e s t  of the same inlet at  a mass-flow r a t i o  
of 0.3, reference 9, are plot ted f o r  comparison. 

t o  65 percent at M = 1.33, were probably due 

I n  interpreting the 

It should be noted that there was a small amount of roughness on 
the i n l e t  total-pressure telemeter trace,  indicating possible flow fluc- 
tuations on the nose cone. 

S-Y OF RESULTS 

A f ree ly  flying l/lO-scale model of the McDonnell XFX-1 airplane 
equipped with extensible rocket racks has been tes ted  a t  a center-of- 
gravi ty  location of 28.5 percent of the  mean aerodynamic chord and a 
f ixed s t ab i l i ze r  deflection of -5.91' re la t ive  t o  the wing chord plane. 
The pr incipal  r e su l t s  derived from t h i s  test  were: 

1. The ef fec ts  of the rocket racks i n  the extended posit ion on the 

M = 1.27, where the  racks 
trim and s t a t i c  lift, drag, and s t ab i l i t y  were generally sma l l  and within 
the absolute accuracy of the data, except a t  
caused an increment of about 0.012 i n  total-drag coefficient.  

2. An apparently variable dynamic longitudinal s t a b i l i t y  exis ted 
when the rocket racks were extended near M = 1.20 and cannot be ade- 
quately explained from the resu l t s  of t h i s  test; however, it is possible 
that it might have been the dynamic response of the model t o  a continuous 
disturbance arising from the turbulence created by the racks. 

3 .  A t  subsonic Mach nmibers and high l i f t  coefficients,  severe buf- 
f e t  probably at t r ibutable  t o  flow separation on the wing occurred. A t  
low supersonic Mach numbers and l i f t  coefficients,  the turbulence from 
the rocket racks was probably responsible f o r  the l i g h t  buffet  which 
occurred when the racks were extended. 



w 

. 0. 
0 .  . . 0. 

0 .  . 
0 -  

00 . . 0 .  . 0. .... . 
0. 0. 

.i .. 

1 -  1 -  

4. The model became s ta t ica l ly  unstable longitudinally a t  M = 0.88, 
CL = 0.60, and pitched up, stalled,  and became stable again above 
CL = 0.69, 
coeff ic ients  above 0.80- 

M = 0.83. Subsequently the model trimmed a t  normal-force 

5 .  A t  M = 0.92, the neutral  point w a s  a t  approximately 43 percent 
of the man aerodynamic chord; it w a s  at 62 percent of the mean aerody- 
namic chord a t  M = 1.30. 

6. A t  
of a t tack above 
limits. 

M = 0.92, the l i f t  curve was not a l inear  function of angle 
CL = 0.55; at M = 1.30, it was linear within the test 

7. The drag due t o  lift w a s  substantially reduced below 1/57.3 CItx 

by the forward tilt of the resultant force vector. 

was approxi- 
CnB 

8. The s t a t i c  direct ional  s t ab i l i t y  derivative 

mately 0.0038 per degree a t  high subsonic Mach numbers. 

9. The total pressure recovery of the inlet at  zero mass flow varied 
from 75 percent at M = 0 . 9  
values indicated the existence of a thickened boundary layer or possible 
boundary-layer separation on the nose cone. 

t o  65 percent at M = 1.33, which low 

10. In  general, the resu l t s  of the present t e s t  agree well with the 
r e s u l t s  of wind-tunnel tests on similar models. 

Langley Aeronautical Laboratory, 
National Advisory Committee f o r  Aeronautics, 

Langley Field, Va., May 29, 1953. 

Norman L. Crabill 
Aeronautical Research Sc ien t i s t  

Approved : Us- 
,boseph A. Shorts1 

P i d t l e s s  Aircraft  Research Division 
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APPENDIX 

METHODS OF ACCOUNTING FOR EFFECTS O F  RACKS 

The wind-tunnel data were  adjusted t o  a center-of-gravity location 

The e f f ec t  of pa r t i a l ly  opened 
of 28.5 percent of the mean aerodynamic chord and a s t ab i l i ze r  deflec- 
t i o n  of -5.91' by conventional methods. 
racks on the trim w a s  allowed for  i n  two ways: 

(a) The change i n  c was calculated from (cL=o) 

(b) The smal l  change i n  s t a b i l i t y  with rack posit ion shown i n  refer- 
ence 4 w a s  disregarded when the racks were l e s s  than half open. 
more than half open, the full amount of the s h i f t  was assumed. 

When 

The increment i n  due t o  the design extension of the rocket 
racks, shown i n  figure 12, was computed from 

The increment i n  drag coefficient due t o  the design extension of 
the rocket racks was estimated from the measured increment i n  drag coef- 
f i c i e n t  caused by the racks moving from s l igh t ly  more than f u l l y  open t o  
p a r t i a l l y  closed by 
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PERTINENT PHYSICAL PROPERTlEs AND DlMENSIONS 

45 

63.36 

Dimensions : 
span, in. . . . . . . . . . . . .  
Mean aerodynamic chord, In. . . .  
Area, to ta l ,  sq f t  . . . . . . . .  
Aspect r a t i o .  . . . . . . . . . .  
Taper r a t io  . . . . . . . . . . .  
Incidence, deg . . . . . . . . . .  
Tvist, deg . . . . . . . . . . . .  
D M a l , d e g  . . . . . . . . . .  
Airfoil section a t  - 
Root. . . . . . . . . . . . . .  

45 

a . 9 3  

!rip . . . . . . . . . . . . . .  
Sweepback of c/4 line, deg . . . .  
Location of c /4  point of MAC: 

hngltudiaal ,  fuselage 

Vertical, distance from 

Lateral, spanwise distance from 

station, in. . . . . . . . . .  
bottom of f'uselage, in. . . .  
fuselage center line, in. . .  

Fuselage base area, sq f t  . . . .  
' R e l a t i v e  t o  fuselage center 1~ 
2 R e l a t i v e  t o  wing chord plane 

w i n g  

42.40 
14.63 
4-13 

3 
0 -5 

12 .oo 
0 
0 

NACA 0009-1.16 
3811.14 mod. 

32 -97 

2.52 

9.38 

NACA 000.7-1.16 
3811.14 mod. 

3.81 

o .0767 

1 

Mass characteristics : 
W e i g h t , I b . .  . . . . . . . . . . . . . . . . . . . . . . .  120.49 
Wing loading, lb/sq ft . . . . . . . . . . . . . . . . . . .  29.03 
Center-of-gravity location: 

28.5 
1.2 
0.4 

. . . . . . . . .  Longitudinal, percent M.A.C. behind L.E. 
Vertical ,  percent M.A.C. above center l i ne  
Lateral, percent M.A.C. right of center l i ne  

. . . . . . . .  . . . . . . .  
Moments of iner t ia  about the principal axes: 

e -36 
5 -36 

Iz, s l u g - f t 2 . .  . . . . . . . . . . . . . . . . . . . . . .  6.03 

below the fuselage center line, deg 2.90 

Ix, slug-ft 2 

Iy, s l u g - f t 2 . .  . . . . . . . . . . . . . . . . . . . . . .  
. . . . . . . . . . . . . . . . . . . . . . . .  

Inc l ina t ion  of the p r inc ipa l  X - a x i s  a t  the nose 
. . . . . . . . . .  
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Figure 2.- Model photographs. 



NACA FM SL53Fl5 
00 0. 
0 .  . 
0 .  

0 *e .. . . 0. 

a 

L 

m 
0, 

G 
4 
d 

1 
4 

G 
d 

M 

a 
a I 

c 

0 aJ 
.Q 

u, 

t 



Figure 4.- Photographs of the rocket racks.  Closed and open. 
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Figure 6.- Photographs of the model before launchi-ng and j u s t  after 
s e p r a t i o n .  
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Figure 7.- Test Reynolds number as a function of' Mach number. 
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Figure 8.- Rocket-rack p o s i t i o n  as a function of Mach number. 
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Figure 14 .- Lift-curve slope. 
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Figure 17.- Drag carpet  and base-drag coefficient. 
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Figure 21.- Minimum drag coefficient as a f’unction of Mach nmiber. 
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Figure 22.- Longitudinal static stability parameters. 
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Figure 25.- Lmgitudinal dynamic s t a b i l i t y  parameters, 
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Figure 26.- Directional static stability derivative CnB' 

.8 .9 I .o 1. I 1.2 I .3 I .4 

M 

Figure 27.- Pressure recovery. 


